Background {#Sec1}
==========

Head and neck squamous cell carcinoma (HNSCC) is one of the 10 leading cancers by incidence in the world \[[@CR1]\]. Clinically, more than half of HNSCC patients present with locally advanced disease. Currently, induction chemotherapy is one of the treatment modalities for patients with locally advanced HNSCC \[[@CR2]--[@CR4]\]. A meta-analysis of chemotherapy in head and neck cancer revealed that when induction chemotherapy was included in the treatment of patients with locally advanced HNSCC, it was associated with an improvement in overall survival \[[@CR3]\]. Recently, the randomized trial and meta-analysis \[[@CR4]--[@CR6]\] revealed that compared with the conventional regimen of cisplatin and fluorouracil (PF), the novel induction chemotherapy regimen of docetaxel, cisplatin, and fluorouracil (TPF) significantly increased survival for patients with locally advanced HNSCC.

Historically, tobacco smoking has been recognized as a major risk factor for HNSCC \[[@CR7]\]. Previous studies \[[@CR8]--[@CR10]\] have reported that smoking was correlated with an inferior survival rate. Moreover, subjects with HNSCC who have a habit of smoking tobacco show a poor response to induction chemotherapy. While tobacco smoking and alcohol abuse are major risk factors of HNSCC over the world, betel nut chewing is an etiological factor that is highly specific to Asia and contributes to the increased incidence of HNSCC in the region \[[@CR11]\]. Smoking, sometimes in addition to betel nut chewing is a prevalent habit in Asia \[[@CR11]--[@CR14]\]. However, little information is available on whether betel nut chewing serves as a prognostic factor for smokers who have contracted locally advanced HNSCC and are being treated with induction chemotherapy. The aim of this study is to evaluate the prognostic impact of betel nut chewing in smokers presenting with locally advanced HNSCC and being treated with induction chemotherapy and TPF.

Methods {#Sec2}
=======

Patient population {#Sec3}
------------------

We retrospectively reviewed patients with locally advanced stage IV HNSCC who were treated with induction chemotherapy with TPF at Kaohsiung Chang Gung Memorial Hospital. The Institutional Review Board of Chang Gung Memorial Hospital approved the present study. The written consents were signed by the patients for their specimen and information to be stored in the hospital and used for research. The clinical staging was determined by a multidisciplinary team, including head and neck surgeons, medical oncologists, radiation oncologists, and radiologists according to the 7th American Joint Committee on Cancer (AJCC) staging system. Patients receiving induction chemotherapy with TPF were required to have Eastern Cooperative Oncology Group (ECOG) performance status 0 or 1, adequate bone marrow function (absolute neutrophil count ≥1.75 × 10^9^/L, platelet count ≥100 × 10^9^/L), hepatic function (serum total bilirubin ≤1.5 mg/dl and serum levels of aspartate aminotransferase and alanine aminotransferase ≤2.5 × ULN), and renal function (serum creatinine ≤1.5 mg/dl). Patients with synchronous cancers were excluded from this analysis. The medical history of these patients, including smoking, alcohol consumption, and betel nut chewing habits was obtained from their medical records, and patients who did not have a distinct history of smoking, alcohol consumption, or betel nut chewing were excluded from this study. Subjects who had consumed an alcoholic beverage ≧1 times per week for at least 6 months were considered to have a habit of alcohol consumption \[[@CR15], [@CR16]\]. Subjects who had smoked ≧10 tobacco cigarettes per week for at least 6 months were included as smokers \[[@CR15], [@CR16]\]. Subjects who had chewed ≧1 betel nut (measured as quid) per day for at least 6 months were included in the group of betel nut chewers \[[@CR15], [@CR16]\]. From January 2010 to December 2012, 194 patients with locally advanced stage IV head and neck squamous cell carcinoma were treated with induction chemotherapy with TPF in our center, and 16 patients were deleted from our analysis due to the lack of detailed information regarding smoking, alcohol, and betel nut chewing. Of the 178 patients with detailed information, 162 patients were smokers, whereas 16 patients were non-smokers. Background characteristics, including a history of betel nut chewing, were analyzed as potential prognostic factors in these 162 smokers.

Treatment and assessment {#Sec4}
------------------------

Since the dosage of the TPF regimen used in those phase III clinical trials \[[@CR4], [@CR17]\] was in fact intolerable for most of the Asian patients with severe hematological toxicity \[[@CR18]\], we modified the dosages of these agents to reduce their toxicity and increase tolerability. Docetaxel was administered at dosages of 60\~65 mg/m^2^ by intravenous infusion for 1.5 h, cisplatin at dosages of 60\~75 mg/m^2^ by intravenous infusion for 4 h, and 5-fluorouracil at dosages of 600\~750 mg/m^2^ per 24 h as a 96-h continuous intravenous infusion, cycle that repeated every 3 weeks. All the patients received 2 to 3 cycles of induction chemotherapy with dose-modified TPF. Prophylactic granulocyte colony-stimulating factor and antibiotics were not routinely used; rather, their use was permitted in patients with febrile neutropenia. Within 3 to 6 weeks of completing the last cycle of induction chemotherapy, radiation was delivered over a 7-week period, using conventional fractionation (total dose: 66 to 70 Gy), which was concurrent with the weekly administration of 40 mg/m^2^ of cisplatin through intravenous infusion. Salvage surgery was performed 6 to 12 weeks after completion of chemoradiotherapy for patients who had residual disease after chemoradiotherapy and was also allowed for patients without response to induction chemotherapy with resectable disease. Tumor responses were assessed by clinical evaluation and imaging studies according to the Response Evaluation Criteria in Solid Tumors guideline version 1.0. Complete response (CR) was defined as disappearance of all target lesions. Partial response (PR) was defined as at least a 30 % decrease in the sum of the longest diameters of target lesions. Progressive disease (PD) was defined as at least a 20 % increase in the sum of the longest diameters of target lesions, taking as reference the smallest sum longest diameters recorded since the treatment started or the appearance of one or more new lesions. Stable disease (SD) was defined as neither sufficient shrinkage to qualify for PR nor sufficient increase to qualify for PD. The overall response rate was defined as the proportion of patients who achieve a CR or PR. Progression-free survival (PFS) was calculated from the date at which induction chemotherapy was administered for the first time until either the date of progression or death, whichever occurred earlier. The overall survival (OS) period was calculated from the date of diagnosis until death or the last follow-up.

Immunohistochemistry {#Sec5}
--------------------

Immunohistochemistry staining was performed using an immunoperoxidase technique in patients whose pre-treatment biopsy specimens were available. The staining was performed on 4 μm slides, which were prepared from formalin-fixed, paraffin-embedded tissue sections with primary antibodies against the p16INK4 gene (BD Biosciences, San Jose, CA, USA). Briefly, after deparaffinization and rehydration, the antigen was retrieved by treating the slides with a solution of 10 mmol/L citrate buffer (pH 6.0); this process was performed in a hot water bath for 20 min at a temperature of 95 °C. The endogenous peroxidase activity was blocked for 15 min in 0.3 % hydrogen peroxide. After blocking the sections with 1 % goat serum for 1 h at room temperature, we incubated them overnight with primary antibodies for at least 18 h at 4 °C. Immunodetection was performed using the LSAB2 kit (Dako, Carpinteria, CA, USA). Thereafter, these sections were treated with 3-3′-diaminobenzidine dye and hematoxylin for color development and counterstaining, respectively. The staining assessment was independently carried out by two pathologists (S.L.W. and W.T.H.) who did not have any information about the clinicopathological features or prognoses of these subjects. A positive p16 expression in the tissue sections was defined as a strong nuclear staining in 50 % or more of the tumor cells \[[@CR19]\].

Statistical analysis {#Sec6}
--------------------

For patient data, statistical analysis was performed using the SPSS 17 software package. The chi-square test or Fisher's exact test was used to compare data between the two groups. Multivariate analysis of the response of induction chemotherapy was performed by logistic regression, and all variables were entered into the model. For survival analysis, the Kaplan--Meier method was used for univariate analysis, and the difference between survival curves was tested by a log-rank test. All parameters were entered into Cox regression model to analyze their relative prognostic importance. For all analyses, two-sided tests of significance were used with *P* \< 0.05 considered significant.

Results {#Sec7}
=======

Patient characteristics {#Sec8}
-----------------------

A total of 162 smoking patients were collected in this study with a median age of 53 years (range, 31--72 years). The characteristics of 162 smoking patients with locally advanced stage IV HNSCC receiving induction chemotherapy with TPF are summarized in Table [1](#Tab1){ref-type="table"}. Among them, 156 (96 %) were men and 6 (4 %) were women. Under T classification, 4 patients (3 %) were T1; 23 (14 %) were T2; 12 (7 %) were T3; 49 (30 %) were T4a; 70 (43 %) were T4b; and 4 (3 %) were Tx. Furthermore, under N classification, 28 patients (18 %) were N0; 20 (12 %) were N1; 7 (4 %) were N2a; 49 (30 %) were N2b; 41 (25 %) were N2c; and 17 (11 %) were N3. Additional analyses according to the AJCC 7th staging system demonstrated a stage IVA tumor for 80 (49 %) patients and stage IVB for 82 (51 %) patients. The primary tumor site was found in the hypopharynx in 19 (12 %) patients, larynx in 17 (10 %) patients, oropharynx in 60 (37 %) patients, oral cavity in 62 (38 %) patients, and unknown primary in 4 (3 %) patients. The p16 expression was negative in 128 (79 %) patients, positive in 3 (2 %) patients, and unknown status in 31 (19 %) patients. The overall response rate of these 162 patients was 61 %. Nine patients (6 %) achieved CR, 90 patients (55 %) achieved PR, 42 patients (26 %) had SD, and 21 patients (13 %) showed PD. Among the 162 smoking patients, 31 (19 %) were classified as non-betel nut chewers, while 131 patients (81 %) were betel nut chewers. The habit of betel nut chewing was not associated with any other clinicopathologic parameters, such as age, gender, primary tumor site, clinical 7th AJCC stage classification, clinical T classification, clinical N classification, and p16 expression (Table [2](#Tab2){ref-type="table"})Table 1Characteristics of 162 smoking patients with locally advanced stage IV head and neck squamous cell carcinoma receiving induction chemotherapy with TPFAgeMedian53Mean52.4Range31--72SexMale156 (96 %)Female6 (4 %)Primary tumor siteHypopharynx19 (12 %)Larynx17 (10 %)Oropharynx60 (37 %)Oral cavity62 (38 %)Unknown primary4 (3 %)Clinical T classificationT14 (3 %)T223 (14 %)T312 (7 %)T4a49 (30 %)T4b70 (43 %)Tx4 (3 %)Clinical N classificationN028 (18 %)N120 (12 %)N2a7 (4 %)N2b49 (30 %)N2c41 (25 %)N317 (11 %)Clinical 7th AJCC stageIVA80 (49 %)IVB82 (51 %)AlcoholAbsent16 (10 %)Present146 (90 %)Betel nut chewingAbsent31 (19 %)Present131 (81 %)p16 expressionNegative128 (79 %)Positive3 (2 %)Unknown31 (19 %)Response to induction chemotherapyComplete response9 (6 %)Partial response90 (55 %)Stable disease42 (26 %)Progression disease21 (13 %)*TPF* docetaxel, cisplatin, and fluorouracilTable 2Associations between betel nut chewing and clinicopathologic parameters in 162 smoking patients with locally advanced stage IV head and neck squamous cell carcinoma receiving induction chemotherapy with TPFParametersBetel nut chewingAbsentPresent*P* valueAge\<53 years old13680.32≧53 years old1863SexMale291270.32Female24Clinical 7th AJCC stageIVA17630.50IVB1468Clinical T classificationT1\~T4a19730.57T4b1258Clinical N classificationN0/18400.60N2/32391Primary tumor siteOral cavity11510.72Others2080Primary tumor siteOropharynx10500.54Others2181Primary tumor siteLarynx/hypopharynx9270.31Others22104p16 expressionNegative271010.21Positive12Unknown328AlcoholAbsent6100.086Present25121*TPF*, docetaxel, cisplatin, and fluorouracil*х* ^2^ test, Fisher's exact test, or *t* test was used for statistically analyzed

At the time of the last analysis, the median period of follow-up was 31 months (range, 24.1--55.3 months) for the 72 survivors. The median PFS and OS were 15.4 and 24.1 months, respectively. The 2-year PFS and OS were 43 and 51 %, respectively.

Association between clinicopathological parameters and betel nut chewing history with the response to induction chemotherapy {#Sec9}
----------------------------------------------------------------------------------------------------------------------------

Table [3](#Tab3){ref-type="table"} summarizes the relationship between clinicopathological parameters and their response to induction chemotherapy in 162 smoking patients receiving induction chemotherapy with TPF. Patients with a history of betel nut chewing were significantly (*P* = 0.038) associated with a poor response to induction chemotherapy. Compared with the 57 % response rate in patients with a history of betel nut chewing, the overall response (CR plus PR) rate to induction chemotherapy was 77 % in patients who did not have a history of betel nut chewing. The clinical N classification, N2/3, was also significantly (*P* = 0.045) correlated with a poor response to induction chemotherapy. The logistic model showed that the history of betel nut chewing (*P* = 0.04, odds ratio 2.742, 95 % confidence interval 1.050--7.166) and clinical N classification, N2/3 (*P* = 0.024, odds ratio 2.494, 95 % confidence interval 1.126--5.522), were independently correlated with the poor response to induction chemotherapy.Table 3Associations between the response of induction chemotherapy and clinicopathologic parameters in 162 smoking patients with locally advanced stage IV head and neck squamous cell carcinoma receiving induction chemotherapy with TPFParametersResponse to induction chemotherapyCR/PRSD/PD*P* valueAge\<53 years old47340.42≧53 years old5229SexMale96600.68Female33Clinical 7th AJCC stageIVA47330.54IVB5230Clinical T classificationT1\~T4a55370.69T4b4426Clinical N classificationN0/135130.045\*N2/36450Primary tumor siteOral cavity35270.34Others6436Primary tumor siteOropharynx40200.27Others5943Primary tumor siteLarynx/hypopharynx23130.70Others7650AlcoholAbsent1060.90Present8957Betel nut chewingAbsent2470.038\*Present7556*TPF* docetaxel, cisplatin, and fluorouracil; *CR* complete response; *PR* partial response; *SD* stable disease; *PD* progression disease\*Statistically significant. *х* ^2^ test, Fisher's exact test, or *t* test was used for statistically analyzed

Survival analyses {#Sec10}
-----------------

Table [4](#Tab4){ref-type="table"} displays the correlations between patient survival and various clinicopathological factors at the univariate level. Univariately, patients with a history of betel nut chewing (*P* = 0.004, Fig. [1a](#Fig1){ref-type="fig"}) and the clinical N classification, N2/3 (*P* = 0.012, Fig. [1b](#Fig1){ref-type="fig"}), were significantly associated with the worse PFS. Besides this, patients with a history of betel nut chewing (*P* = 0.017, Fig. [1c](#Fig1){ref-type="fig"}) and the clinical N classification, N2/3 (*P* = 0.003, Fig. [1d](#Fig1){ref-type="fig"}), were also significantly related to worse OS. The 2-year PFS and OS rates were 67 and 71 %, respectively, in patients who did not have a history of betel nut chewing, while the rates were 37 and 47 %, respectively, in patients with a history of betel nut chewing.Table 4Results of univariate log-rank analysis of prognostic factors for progression-free survival and overall survival in 162 smoking patients with locally advanced stage IV head and neck squamous cell carcinoma receiving induction chemotherapy with TPFFactorsNo. of patientsProgression-free survival (PFS)Overall survival (OS)2-year PFS rate (%)*P* value2-year OS rate (%)*P* valueAge\<53 years old81400.13470.30≧53 years old814656Clinical 7th AJCC stageIVA80460.62580.30IVB824145Clinical T classificationT1 \~ 4a92440.77550.49T4b704246Clinical N classificationN0/148600.012\*690.003\*N2/31143644Primary tumor siteOral cavity62390.19440.18Others1004656Primary tumor siteOropharynx60450.65550.42Others1024249Primary tumor siteHypopharynx/Larynx36500.28610.36Others1264148AlcoholAbsent16560.25690.29Present1464249Betel nut chewingAbsent31670.004\*710.017\*Present1313747*TPF* docetaxel, cisplatin, and fluorouracil\*Statistically significantFig. 1**a** Progression-free survival according to betel nut chewing status. **b** Progression-free survival according to clinical N classification. **c** Overall survival according to betel nut chewing status. **d** Overall survival according to clinical N classification

In a multivariate comparison, a history of betel nut chewing (*P* = 0.009, odds ratio 2.292, 95 % confidence interval 1.235--4.254) and clinical N classification of N2/3 (*P* = 0.003, odds ratio 2.145, 95 % confidence interval 1.285--3.579) represented an independent adverse prognosticator for the PFS rate. Moreover, a history of betel nut chewing (*P* = 0.031, odds ratio 2.033, 95 % confidence interval 1.066--3.879) and a clinical N classification of N2/3 (*P* \< 0.001, odds ratio 2.760, 95 % confidence interval 1.582--4.816) were also an independent adverse prognosticators for the OS rate.

Discussion {#Sec11}
==========

Tobacco smoking is an established risk factor of HNSCC all over the world \[[@CR7]\]. In Taiwan, many people also have the habit of chewing betel nuts, which is the seed of the Areca palm (*Areca catechu*). It is estimated that nearly 2.8 million people chew betel nuts in Taiwan, and more men chew these nuts than women (9.8 vs. 1.6 %). The lifetime prevalence of this habit is as high as 15 % \[[@CR20]\]. Around the world, 600 million people chew betel nuts, especially in India and Southeast Asia \[[@CR21]\]. Several studies have shown that betel nut chewing is also a risk factor for developing HNSCC \[[@CR11]\]. However, scarce evidence is available on whether these risk factors interact with major treatment modalities in HNSCC. Fountzilas et al. \[[@CR8]\] reported that absence of smoking history was an important prognostic factor for complete response in 154 patients with locally advanced HNSCC receiving platinum-based induction chemotherapy. Kumar et al. \[[@CR10]\] demonstrated that a history of smoking was associated with a poor response to induction chemotherapy and a poor survival rate in patients with oropharyngeal cancer. In Asia, many people have a smoking habit and some chew betel nuts as well \[[@CR11]--[@CR14]\]. However, no study has been carried out on a large scale to evaluate whether the history of betel nut chewing serves as a prognostic factor in smoking patients receiving induction chemotherapy for locally advanced HNSCC. This is why we conducted this study. We found significantly a poor response to induction chemotherapy in smoking patients with a history of betel nut chewing, compared to smoking patients without a history of betel nut chewing. Moreover, smoking patients with a history of betel nut chewing also had a significantly worse survival rate. To the best of our knowledge, this is the first evidence of this phenomenon in patients with locally advanced HNSCC receiving induction chemotherapy. Our result indicates that betel nut chewing might substantially affect a patient's response to induction chemotherapy, leading to a poor treatment outcome.

Recently, induction chemotherapy has been commonly used in clinical practice for patients with locally advanced HNSCC. After induction chemotherapy, tumor response is observed in 60\~75 % of patients with locally advanced HNSCC \[[@CR4], [@CR22]\]. Previous studies \[[@CR22]--[@CR24]\] reported that patients whose tumor did not respond to induction chemotherapy had an inferior survival compared with those whose tumor responded well to induction chemotherapy, indicating that the use of induction chemotherapy may benefit only a subgroup of patients. In addition, failed attempts to produce a response from induction chemotherapy may give rise to additional side effects. It may also postpone other therapeutic options, such as concurrent chemoradiotherapy or surgery. In the present study, a poor response to induction chemotherapy was seen in nearly half of smoking patients with a history of betel nut chewing. Further study is necessary to validate whether smoking patients with locally advanced HNSCC with a history of betel nut chewing could benefit from induction chemotherapy.

The reason why a history of betel nut chewing is associated with poor response to induction chemotherapy remains largely unknown. Overexpression of DNA repair enzymes due to betel nut chewing might be one possibility \[[@CR25], [@CR26]\]. O^6^-methylguanine-DNA methyltransferase (MGMT) is a DNA repair enzyme, which has been recognized as a therapeutic determinant of the efficacy of O^6^-alkylguanine alkylating drugs, including cisplatin \[[@CR27]\]. Arecoline, a major betel nut alkaloid, is considered to be the most important substance in betel nuts, and preclinical study showed that arecoline can stimulate MGMT expression in primary human oral keratinocytes \[[@CR25], [@CR26]\]. The enzyme excision repair cross-complementation group 1 (ERCC1) plays an important role in the nucleotide excision repair pathway, and its expression has been associated with chemotherapy resistance \[[@CR28]\]. Chiu et al. \[[@CR28]\] reported that patients with a history of betel nut chewing had higher expression of ERCC1. These studies may explain the poor response to induction chemotherapy in patients with a history of betel nut chewing in the present study. Further studies are necessary to investigate the association between betel nut chewing, DNA repair enzyme, and the response to induction chemotherapy.

Our study has several limitations. First, the present study was a retrospective analysis. Substance use histories including smoking, alcohol, and betel nut chewing were obtained from medical record. We did not have questionnaires for these patients to gather further data. Besides, the reliability of patient's history on substance use habits is also a limitation of our study. Furthermore, our observations were based on a relatively small number of patients.

Conclusions {#Sec12}
===========

Smoking patients with locally advanced stage IV HNSCC with a history of betel nut chewing has a poor response to induction chemotherapy and worse prognosis. Further studies are necessary to validate our results and evaluate the underlying mechanism of different sensitivities to chemotherapy between patients with and without a history of betel nut chewing.
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